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Quercetin is one of those natural products. It belongs to the family of flavonoids and, more specifically, flavonols.
Quercetin is an organic compound that belongs to the family of flavonoids, with a wide range of medical properties.
Some of these include anti-allergy, anti-inflammatory, anticancer, anti-tumor, and antiviral properties as well as
cardiovascular protection. It has also been found that quercetin plays a vital role in plants. Specifically, quercetin
has antioxidant and antimicrobial activities, and as a result, it contributes to photosynthesis, growth, and seed
germination. Moreover, the presence of quercetin in various regions of the brain contributes to combatting against

various neurological diseases such as Alzheimer’s and Parkinson’s.

quercetin flavonoids

| 1. Mental Activity

Quercetin can play a significant role in mental health diseases Il such as depression and anxiety. Mice studies
have demonstrated that some natural products including quercetin possess anxiolytic properties when
administered orally. Moreover, they are unlikely to have side effects serious enough to prevent their
pharmacological utility, so they could constitute the starting point for the development of more selective anxiolytic
agents 2. Due to its antioxidant activity, quercetin can lower nitric oxide and some other compounds that are vital
for these diseases. According to SwissADME, quercetin can inhibit CYP isoenzymes. As a result, it can protect the

organism from pathogenic factors.

| 2. Ultraviolet (UV) Activity

One study has shown that quercetin encapsuled with polymer nanoparticles can be efficient for sun protection &,
In recent years, ultraviolet (UV) radiation has been considered a public threat for health worldwide, as it is
responsible for acute and chronic skin diseases, such as burns, premature aging skin, and carcinogenesis. Skin
cancer is the most common type of cancer that is diagnosed worldwide. It can cause a high degree of mortality
when it develops into its most severe form, that of melanoma. Thus, necessary protection is required during
exposure to sunlight. Today, sunscreens are used to protect us from early photoaging, photosensitivity, skin cancer,
and free radical damage. The main goal of sunscreens is to protect the human skin from UVA and UVB radiation.
Recent studies have shown that compounds from natural plants may act as sun protectors 4. Quercetin is one of

those natural products that can reduce the damage from UV radiation.
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| 3. Antiviral Activity

Viral diseases are still a problem even after the discovery and use of antiviral drugs for more than 60 years now,
due to the toxicity of some new antiviral preparations and the development of resistant viral strains. The human
immunodeficiency virus (HIV) Bl is another disease that started to spread throughout the world. HIV has two
categories, HIV type 1 and HIV type 2 (HIV-2). HIV was first recognized in 1981 in the USA. The origin of this virus
is primate lentiviruses, which exist in chimpanzees. These animals became the host of the virus, which is then
transmitted to humans after mutations €. Quercetin and isoquercetin have antiviral activities against many types of
viruses, including human immunodeficiency virus. Many scientists have suggested quercetin as an antiviral drug
due to the fact that it can inhibit the first stages of the virus infection. Quercetin has also been found to exert
important pharmacological activity against several other viruses . One such activity is against the Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) B8 which recently emerged as a global threat to human
health. It is the main cause of the COVID-19 pandemic that caused more than 6,000,000 deaths worldwide.
Quercetin has been found to be able to interfere with SARS-CoV-2 and reduce the inflammation provoked by
COVID-19 (Scheme 1). Also, blood tests have indicated that quercetin can reduce the time during which the

molecular test appears positive by reducing the viral charge 19,
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Scheme 1. Three-dimensional (3D) structure of spike protein bound to ACE2 (PDB ID: 6M0J). The dotted circle
identifies the amino acids that constitute the respective binding sites for the Induced Fit Docking (IFD) experiments
(above). The interactions were developed from the IFD experiments for quercetin with spike proteins of SARS-
CoV-2 from the three studied binding sites (bottom). This image was sketched using Maestro software Version
10.2.

| 4. Anticancer Activity
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Cancer is a serious disease that hurts many developed and developing countries. There are more than 100 types
of cancer. Most often, a specific type of cancer is characterized by the type of cell in which it is formed. The most
basic types of cancer are carcinoma, sarcoma, leukemia, lymphoma, multiple myeloma, melanoma, and brain and

spinal cord tumors [11],

Quercetin has been found through in vitro experiments to exhibit anti-tumor activity against prostate 121231 |iyer [24]
breast 18 and pancreatic 18 cancer and melanoma 2. Quercetin’s anticancer effects on hepatocellular
carcinoma 18l have been studied not only in vitro but also in vivo. Although the exact mechanism of action remains
elusive, quercetin’s anticancer effect may arise by regulating some enzymatic activities or also by modulating

oxidative stress and some cellular pathways.

Chemoprevention involves treating cancer before it becomes aggressive, but it does have its downsides. This
approach can potentially lead to side effects and toxicity. Quercetin has demonstrated synergistic effects in
addressing tumors with multidrug resistance by blocking the expulsion of drugs facilitated by transporter proteins. It
is used as a low-toxicity medicine. Studies have shown that the anticancer activity of quercetin can be improved by
encapsulating quercetin inside nanoparticles. In vitro and in vivo studies have shown successful tumor treatment
using quercetin nano-formulations. These approaches can reduce side effects. Some examples include polymeric
nanoparticles, non-responsive polymeric nanoparticles, and stimuli-responsive polymeric nanoparticles. There are
also examples of inorganic nanopatrticles with quercetin—specifically, silica nanoparticles, gold nanoparticles, and

metal oxide nanoparticles (121,

| 5. Anti-Inflammatory Activity

Moreover, quercetin has been shown to exert anti-inflammatory activity. Inflammation is a multifactorial and
complex biological response of body tissues to harmful stimuli, so as to restore the organism to homeostatic
balance. Inflammation is found in some areas of the body and refers to the tissues of an organ or a tissue or a
whole organ, etc. (e.g., arthritis, tendonitis, stomatitis, peritonitis, etc.). Rheumatoid arthritis is an example of an
autoimmune inflammatory disease 29, This disease affects more women than men, and it was discovered many
years ago. The symptoms of this disease are stiffness and swelling that appear in the feet, fingers, and toes. In
vitro 21 studies have shown that quercetin may be a good drug candidate for the treatment of this disease,
because it can inhibit neutrophil activity. It can also inhibit the activation of NLRP3 inflammasomes [l
Lipoxygenases (LOXs) are a group of monomeric oxidant metalloproteins, containing a non-heme-coordinated iron
atom (non-heme ion Fe) [22l23 Moreover, several in vitro experiments have shown that quercetin can inhibit

soybean lipoxygenase 24, which is involved in inflammation.

| 6. Neurological Activity

Alzheimer's disease (AD) [22 is a fatal complex neurodegenerative disease that affects more than 24 million people

worldwide 281, The disease is characterized by multiple pathological features and is clinically associated with
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cognitive impairment, language loss capacity, and dementia. Current treatment options include results with
moderate improvement of memory and cognitive function; however, they do not prevent progressive
neurodegeneration. Multifunctional compounds capable of simultaneously interacting with the ingredients of many
pathologies have been considered as a solution and are being researched for the treatment of complex pathologies
of neurodegenerative diseases 27281, Quercetin is one of these compounds that can be used against Alzheimer’s

disease due to the fact that it has a neuroprotective effect against oxidative stress 22,

| 7. Antioxidant Activity

When found in moderate concentrations, the active forms of oxygen (reactive oxygen species, ROS) participate in
the normal processes of the organism, but their production in large concentrations leads to oxidative stress,
disrupting the organism’s cellular oxidation balance BYRBABE1 Antioxidants are substances that can protect cells
against oxidation and the effects of free radicals, because they annihilate these radicals from the medium. They
also constrain oxidation by oxidizing themselves. Antioxidants suppress various harmful activities of ROS, so they
are used to prevent or treat such diseases. One health problem that oxidative stress is associated with is obesity.
Obesity is one of the major health problems in the world, and it leads to increased amounts of fat cells. It is
characterized by the overproduction of reactive oxygen stress. Quercetin, along with other natural products, has
been shown to exert beneficial effects against obesity through different molecular pathways. In vivo experiments

using obese rats have been shown to lose weight after treating with quercetin 32,

Moreover, Jose Angel Maranon Maroto proved that a combination of the polyphenols resveratrol, quercetin, and
catechin has synergic antioxidant power. Polyphenolic compounds of natural origin are recognized as antioxidant
agents, which act as free radical scavengers. Resveratrol is a polyphenolic compound that is present mostly in

seeds and in the skin of grapes and other plant products 2],

| 8. Anti-Cardiovascular Disease

Heart diseases or cardiovascular diseases are those diseases that involve the heart or blood vessels (arteries and
veins) B4, Though the term technically it refers to any disease affecting the cardiovascular system, it is usually
used to refer to those related to atherosclerosis (arterial diseases). These diseases present similar causes,
mechanisms, and treatments. Most countries face high and increasing rates of cardiovascular diseases. It has
been shown that they affect adolescents and kids, and for this reason, prevention against them is mandatory from
childhood. When heart problems are diagnosed, the underlying cause (atherosclerosis) is usually quite advanced.
Therefore, more emphasis is placed on the prevention of atherosclerosis through the modification of risk factors,
such as healthy eating, exercise, and avoiding smoking. The protective effects of quercetin against cardiovascular
diseases include the reduction of blood pressure and arterial pressure. Hypertension is the most common cause of
cardiovascular diseases, such as in cardiac hypertrophy, responsible for abnormal cardiac growth, which leads to
arrhythmia, myocardial infraction, and heart failure 3. Many people currently suffer from hypertension, an alerting

sign that pharmacological and natural interventions are needed in order to decrease blood pressure and inhibit
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various biochemical pathways that are involved in cardiovascular diseases. Studies have demonstrated that
guercetin can decrease blood pressure via multiple mechanisms like inhibiting protein kinase C (PKC), a family of
protein kinase enzymes implicated in governing heart failure 28, decreasing oxidative stress, inhibiting angiotensin,

converting enzyme activity, or even modulating cell signaling and gene expression 7,

| 9. Skin Sensitivity

Numerous individuals experience skin wounds, which can be either chronic or temporary and may affect a
substantial area of the skin. Healing processes typically fall into three categories: primary healing (also known as
healing by first intention), which takes place within 12 to 24 h after the wound forms; secondary healing (or healing
by second intention), observed in wounds with significant loss of soft tissue; and the healing of superficial wounds,
such as those seen in superficial burns and abrasions, involving the epithelium and the papillary part of the dermis.
Natural products, especially those from plants, are a new strategy for wound healing. Quercetin is used for the
treatment for wounds because, as outlined, it shows anti-inflammatory activity. Rubusniveus B8 is one of the

species against which quercetin was found to have some wound-healing activity 39,

There are a lot of examples of the biological activity of quercetin occurring in in vivo experiments. One example is
in the species of Bergia ammannioides 29 against which quercetin was found to have antioxidant and anti-
inflammatory abilities. Secondly, in Melilotus officinalis and in Lespedeza capitata *1, quercetin was found to
increase the HaCaT human keratinocytes. Furthermore, in Martynia annua and Tephrosia purpurea 42 quercetin
was found to have antioxidant activity. Also, quercetin has protection against endotoxin-induced inflammatory
response 43l surgical-induced osteoarthritis 44, LPS-induced oxidative stress and inflammation 43, LPS/interferon

c-induced nitric oxide production 2& TNF-a induced inflammation 44, and CCl4-induced inflammation 28!,

| 10. Anti-Tuberculosis

Tuberculosis is a fatal infectious disease caused by the Mycobacterium tuberculosis (Mycobacterium tuberculosis).
Despite the availability of effective treatment, tuberculosis is responsible for a million deaths worldwide per year.
The bacterium has developed a resistance to the drugs on the market, and so the need arises to find other
therapeutic compounds 4259 Quercetin can be a good inhibitor for the bacterium B2, This was found through in

vitro antituberculosis bioassays.

| 11. Antidiabetic Activity

Insulin is a protein hormone that is necessary for the maintenance of normal blood glucose levels, either by
increasing peripheral glucose uptake or by suppressing the production of hepatic glucose B2, Quercetin might be a
promising candidate that acts in many targets of diabetes, and it can regulate many pathways 23541, Furthermore,
co-crystals comprised of quercetin and antidiabetic agents like metformin and DPP-IV inhibitors have been

demonstrated to treat diabetes mellitus (DM) by reducing blood glucose levels and improving glucose tolerance.
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DM is a chronic disease that is diagnosed as a result of elevated blood glucose levels caused by inadequate

insulin secretion, defective insulin action, or both 331381,

| 12. Antimalaria Activity

Malaria is one of the most threatening tropical diseases that leads to millions of deaths every year. Almost all fatal
cases are caused by Plasmodium falciparum and its strains, which have developed resistance to the drugs in
circulation. Therefore, a need has arisen for new active compounds for the treatment of this disease. Quercetin is a

potential antimalaria drug, as proven through in vitro experiments 22,

| 13. Antichagas Activity

Chagas disease (CD) 8l s a disease that many scientists ignore, and its main bacteria is the Trypanosoma cruzi
(TC). This disease appears mainly in Central and North America, but in recent decades, the number of CD cases
has been increasing in other countries, such as in the south of the United States of America, in Canada, in the
Western Mediterranean, and in the Western Pacific. It is estimated that about 6 to 7 million people are potentially
infected by TC, which causes about 20,000 deaths per year and is the leading cause of infectious myocarditis.
Quercetin and other flavonol derivatives can be antitrypanosomal candidates, showing ICggs of 0.6, 0.7, 0.8, and
1.0 pg/mL B2,

| 14. Antifungal Activity

Fungicides have often been observed to pose a risk to human health and can be harmful to the environment. Thus,
there is a need to find alternative solutions to deal with fungi, with natural compounds that will not affect either
human health or the environment. The Candida parapsilosis species is composed of three other species, i.e., C.
parapsilosis sensu lato, C. orthopsilosis, and C. metapsilosis. These species are found in vegetables and fruits,
and they are known to cause infections worldwide. Quercetin has been shown to have antifungal activities through

the determination of its minimum inhibitory concentration (MIC) (69,

| 15. Combination of Quercetin with Other Drugs

There are several examples whereby quercetin and its derivatives have been combined with other compounds with
biological interest and activity. One of these examples is sickle cell disease. Sickle cell disease and its variants
constitute the most common blood disorders, affecting millions of individuals worldwide. Until now, there has been
no treatment for this disease, and there is no acute method for prevention 1. Another example is Fragile X
Syndrome. This disease is the most common one implicated in intellectual disability. Someone who suffers from

this disease has many serious medical problems [62],

| 16. Anti-Rhinitis Activity
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Acute rhinitis is one of the most common inflammatory diseases in Western countries. The major symptoms include
nasal obstruction and nasal secretions. In the evolution of the disease, a frequent complication is acute
rhinosinusitis, which can progress to chronic rhinosinusitis and then to intracranial complications, meaning that it is
necessary to treat the disease as soon as possible. The cause of rhinosinusitis lies in the secretion of pro-
inflammatory cytokines, key factors in initiating inflammation, consequently leading to local edema and swelling of
the mucosa and an increase in nasal and sinus secretions. Quercetin has proven its antioxidant and anti-
inflammatory properties against rhinosinusitis, both in rats and humans, by inhibiting the release of chemical
mediators, such as histamines and leukotrienes, and reacting with relative oxygen species (ROS), which are also

involved in rhinosinusitis 31641,

| 17. Antidrug Resistance

Multidrug resistance (MDR) is defined as the ability of cancer cells to survive treatment with a variety of anticancer
drugs, similar to the concept commonly applied to antibiotic treatment 83, MDR is responsible for over 90% of
deaths in cancer patients receiving chemotherapeutics or targeted drugs. Derivatives of quercetin have been

proven to be possible candidates in treating MDR cancer, as well as viral infections in humans €8],

Skeletal muscles are tissues that are involved not only in mobility and movement but also in glucose and lipid
metabolism. Muscle atrophy is the loss of skeletal muscle mass due to increased myofibrillar protein degradation. It
occurs under various circumstances such as injury and during side effects of pharmaceutical therapy and aging.
Muscle atrophy causes falls, and therefore, it has become a serious problem, especially in aging society. Quercetin
glucosides are proven to be perfect candidates in the treatment of muscle atrophy, since they play an important
role in the downregulation of myostatin signaling via phosphorylation, a possible mechanism responsible for the

inhibitory effects of quercetin glucosides 768,

All in all, quercetin is commercially available and is one of the most common natural products. Natural products
have become more popular, and they have started to be used as lead compounds in medicine. They have a lot of
advantages in contrast to common drugs. For instance, they have less side effects. In addition, flavonoids play a
significant role in humans and plants. Efforts that have been made to increase the bioavailability and solubility of
guercetin are outlined in the Results and Discussion section. Basically, vehicles have been used, and quercetin is

also administered with other drugs (scheme 2).
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with other drugs
or incarporated in
vehicles

ina combination with the drugs
after being encapsulated in
vehicles

Scheme 2. Quercetin alone bears low bioavailability and solubility. In an attempt to increase both its bioavailability
and solubility, it was encapsulated in vehicles using nanotechnology. In addition, it is administered with other
drugs.
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